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INTRODUCTION

"There is probably no class of diseases in which
inaccurate diagnosis is more frequently made than
in those of the skin; nor is error more likely-than
in that subdivision of cutaneous complaints,
which have been denominated Exanthemata, or
Rashes" (18).
The above quotation, from Maton's paper

describing rubella as a clinical entity and de-
livered before the Royal College of Physicians in
1814, anticipated remarkably some of the
problems of the subsequent century and a half
with respect to clinical differentiation of exan-
them diseases. For many years, diagnostic
difficulties with respect to the various exanthe-
mata served as little more than embarrassment
or intellectual discomfort to the physician. After
Gregg's discovery of the relationship between
maternal rubella and congenital defects (6), how-
ever, the practical implications of rubella stimu-
lated an increasing effort towards specific
identification of the viral exanthemata. Un-
doubtedly, the sophistication of recent epi-
demiological studies has contributed to a more
realistic estimate of the risks of maternal rubella.
However, such information has raised as many
questions as it has answered. As with every in-
fectious disease, the availability of specific
diagnostic tests, an understanding of the mech-
anism of pathogenesis, and the development of
prophylactic measures all depend upon specific
characterization of the etiological agent.
Although there has long been experimental
1 A contribution to the Symposium on "Current

Progress in Virus Diseases" presented as part of
the program for the Centennial of the Boston City
Hospital, 1 June 1964, with Maxwell Finland serv-
ing as Consultant Editor, and John H. Dingle and
Herbert R. Morgan as moderators.

evidence indicating a viral etiology of rubella
(8, 7, 2, 11), characterization of the causative
agent was accomplished only recently. Since the
dual report of isolation of rubella virus in 1962 by
Parkman, Buescher, and Artenstein (24), and
independently by Weller and Neva (36), con-
firmatory findings have quickly followed (35, 30,
33, 19). Even though these data are rapidly being
extended by current studies, it may be propitious,
at this time, to review some of the recently avail-
able information on rubella. From the ground-
work of clinical, laboratory, and epidemiological
investigations, now based upon specific labora-
tory methods, will the true perspective of rubella
finally emerge.

ISOLATION AND PROPAGATION OF THE
VIRUS

The methods in current use for isolation and
propagation of rubella virus derive from the two
basically different techniques originally employed
for detecting the presence of the virus. One was
based upon direct recognition of cytopathic
effects (CPE) produced in cultures of primary
human amnion (PHA) cells (36); the other
procedure, also called the indirect or exclusion
technique, utilized the finding that rubella-
infected cultures of grivet monkey kidney cells
(GMK) were resistant to challenge with ECHO-
11 virus (24). Subsequently, modifications in both
techniques have been introduced by other
workers. McCarthy et al. found a special line of
rabbit kidney cells (RK13) to exhibit rubella-
induced CPE (19). The interference procedure has
been found applicable to kidney-cell cultures from
other species of monkeys and cell lines thereof
(35, 30), and other enteroviruses, such as Cox-
sackie A-9, can be used as challenge virus (30, 33,
19).
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lp) to the present time, one or another varia-
tion of the interference method has been most
widely used for isolation of rubella virus. Despite
nonspecificity of the interference procedure,
reports have not indicated this to be a serious
problem in practice, but more extensive experi-
ence is needed. The relatively short period of 10
to 14 days before tentative results are obtained
constitutes a distinct advantage of the exclusion
technique. It is, of course, mandatory that the
identity of all presumptive rubella isolates ob-
tained by the interference procedure be con-
firmed by acceptable serological tests.
The use of PHA cultures for isolation and

growth of rubella virus offers the advantage that
presence of virus is indicated directly by the
distinctive cytopathology observable in both
fresh and stained preparations. Another advan-
tage is that the presence of rubella virus in PHA
cultures may also be detected by the interference
phenomenon upon addition of Sindbis virus (36).
Thus, PHA cultures may be used in a combined
direct and indirect system for detection of
rubella virus, permitting parallel studies of the
phenomena (22). The limitations of this method
include the necessity for cell cultures of good
quality that contain confluent monolayers of cells,
and the requirement that an experienced observer
be available for the detection of the involved cells,
which are not always abundant in infected
cultures. Use of chemically defined, instead of
bovine embryonic fluid, medium may result in
diminished or suppressed CPE (36).

Reports, now available only in abstract form,
covering studies by Giles et al. at Willowbrook
State School and by Buescher et al. (4) at the
Walter Reed Army Institute of Research indicate
that rubella virus is present in the blood or throat
of patients as early as 6 or 7 days before ap-
pearance of the rash, and disappears from the
blood shortly after the exanthem, but may
lersist in the pharynx as long as 7 days after on-
set of rash. The virus has also been recovered
from the feces and may be present in the urine at
the time of the exanthem. However, virus is most
easilv recovered from the throat, and this source
now appears preferable for the attempted isola-
tion of the responsible agent.
No published data are available assessing the

comparative effectiveness of different procedures
for isolation of rubella virus from clinical speci-
mens. Several methods, including the use of RK13
cell line cultures, were successfully employed in

one study (19), but not in a comparative fashion.
Preliminary results of Burnett and Alford in this
laboratory suggest that interference in GMK is
more rapid than either the indirect or direct
procedures with PHA cultures, and may be more
sensitive for the detection of minimal amounts of
rubella virus. Critical studies to select sensitive
methods for the detection of both wild and in
vitro-propagated strains of rubella virus will
assume increasing importance in future work
related to development of vaccines.

In evaluating the relative merits of different
procedures for isolation and propagation of
rubella virus, it is important to recall that the
indications for the use of a particular virus-host
cell system may be variable. Thus, the optimal
system for isolation of virus from clinical speci-
mens may not be the best method for the assay
of neutralizing antibodies, production of antigen,
study of viral kinetics, or demonstration of cyto-
pathology.

CHARACTERISTICS OF RUBELLA VIRUS
On the basis of available centrifugation, filtra-

tion, and electron microscopic studies, it would
appear that infectious rubella virus particles are
relatively large, in the range of 100 to 300 mu
(24, 36, 23, 25), although one report indicates that
some infectious particles may be less than 100 m/u
in size (19). In the presence of 2% serum, the
inactivation rate of rubella at 37 C was found to
be 0.3 to 0.4 log ID50 per hour (25), but in other
media with higher protein content virus in-
fectivity was not completely destroyed after 1
hr at 56 C (36). Some loss in infectivity occurs on
storage for several weeks at 4 and -20 C (36),
but the virus is stable for many months at -60 C
(25). Rubella virus is capable of replication in the
presence of 5-iodo-2'-deoxyuridine, and infec-
tious virus is destroyed on exposure to ether, chlo-
roform, and sodium deoxycholate.
The most distinctive cellular alterations at-

tributable to rubella virus are those occurring in
infected PHA cultures (36). At any particular
time, relatively few of the cells in an infected
culture exhibit changes in either fresh or stained
preparations. Affected cells appear enlarged or
rounded in the fresh culture, and will often
exhibit amoeboid pseudopods whose cytoplasmic
contents are transparent and may show the
presence of round inclusions. When stained, the
involved cells show various abnormalities, in-
cluding disappearance of the nuclear membrane,
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prominent clumping of nuclear chromatin, and
the presence of round or irregular cytoplasmic,
eosinophilic inclusions. The progression of
rubella CPE in PHA cultures is slow, but the
cytopathic process can be enhanced by continued
in vitro passage of the virus. After 15 to 20 serial
transfers, we generally find that rubella strains
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produce 50'S or more destruction of the cell sheet
within 3 weeks after inoculation (Fig. 1).

Rubella virus can also multiply in cultures of
bovine embryonic tissues (22), as well as in those
derived from various human and simian sources,
and the special cell line of rabbit kidney already
mentioned. With most systems, maximal yields of
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FIG. 1. Cytopathic effect of rubella virus in human amnion cultures. (A) Appearance of normal amnion
cell culture as viewed microscopically under low magnification (33X). (B) Rubella-infected culture with
estimated 20% destruction of cells on 14th day after inoculation (55th culture passage, Bell strain; 33X).
(C) Rubella infected culture with 80%l; cell destruction on 28th day after inoculation (53rd culture passage,

Bell strain; 3SX). (D) Single affected cell with adjacent uninvolved cells on 10th day after inoculation (54th
culture passage, Bell strain; 132X). (E) Scattered infected cells showing amoeboid distortion on 10th day
after inoculation (54th culture passage, Bell strain; 132X). (F) Infected cell with large eosinophilic cyto-
plasmic inclusion and basophilic aggregation of nuclear chromatin, as well as portions of two normal cells
(4th culture passage, 35th day after inoculation, RW strain; hematoxylin and eosin stain, 3,500X). Re-
produced by permission with addenda from F. A. Neva and T. H. Weller (21).
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infectious virus are relatively low, usually in the
range of 104 to 105 IDw per ml. As yet, no comple-
ment-fixing, hemagglutinating, or hemadsorbing
activity has been demonstrable in rubella-
infected cultures. Representative growth curves
of rubella virus as obtained by us in human and
bovine cell cultures are depicted in Fig. 2.
The exact nature of the interference phe-

nomenon resulting from growth of rubella virus
under different in vitro conditions is not yet clear.
Parkman et al. reported evidence that in GMK
cultures the interference between rubella and
ECHO-11 virus is not mediated by interferon
(25); others (28) have suggested that interferon
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FIG. 2. Representative growth curves of strains of
rubella virus in primary human amnion and in beef
embryonic skin-muscle cell cultures.

does play a role in this system. The interfering
activity for Sindbis virus in the fluids of rubella-
infected PHA cultures can readily be dissociated
from infectious rubella virus, and it also exhibits
other properties compatible with interferon (22).

SEROLOGICAL STUDIES WITH RUBELLA VIRUS

Serological procedures for measurement of anti-
body to German measles virus, and for identifica-
tion of the agent, are presently limited to neu-
tralization tests. These are applications of the
two basic methods for isolation of virus, namely,
inhibition of rubella CPE, or inhibition of the
rubella interference phenomenon. Technical
problems associated with both types of tests are
related to factors such as (i) absence of rapid and
obvious rubella CPE, (ii) incomplete neutraliza-
tion of virus by antibody, (iii) critical adjust-
ment of rubella virus dose, and (iv) difficulties in
standardization of the interference neutraliza-

tion procedure. These problems have been
discussed in detail elsewhere (22, 26).
Although simplified procedures are needed for

routine diagnostic purposes, the methods in
current use for assay of neutralizing antibody to
rubella have yielded considerable information.
Patients with German measles exhibit increases
in serum-neutralizing antibody after their illness.
The titers of antibody found in individuals who
have presumably experienced rubella in the past
suggest that substantial levels of antibody are
maintained for prolonged periods. The same
inference can be drawn from the fact that
neutralizing antibody is readily demonstrable by
the interference test in specimens of pooled 'y-
globulin (31, 26, 22).
The first laboratory evidence indicating a

considerable degree of antigenic homogeneity of
rubella virus strains was the demonstration of
antibody responses to recent virus isolates in
paired serum samples collected from rubella pa-
tients during previous years (36, 21). Similar
conclusions regarding the absence of major
antigenic differences among rubella strains have
been obtained from cross-neutralization tests with
antisera prepared in rabbits (25).

CLINICAL AND EPIDEMIOLOGICAL ASPECTS OF
RUBELLA

Since the diagnosis of rubella hitherto has been
based upon clinical and epidemiological criteria,
the advent of laboratory methods for specific
diagnosis of rubella infection may be expected to
define the clinical spectrum of the disease. There
is little, however, at present that can be added to
clinical rubella that was not covered in the
excellent review of the subject by Wesselhoeft in
1947 (38). Some features of the disease, such as
the transitory polyarthritis, have received in-
creased attention recently. The first patient from
whom we isolated rubella virus (36) would hardly
qualify as a typical example of rubella; he had
fever and severe joint symptoms lasting a week,
associated with an atypical rash most prominent
on the palms of the hands and soles of the feet.
Thrombocytopenia accompanying rubella may be
deserving of special comment; platelets are often
decreased even though bleeding or purpura is not
clinically manifest (1, 34), and a number of cases
of neonatal purpura following maternal rubella
have been reported (3). A point of clinical interest
in two adult males with laboratory verified
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rubella and thrombocytopenia encountered by us
was that the appearance of purpura on the lower
legs 3 or 4 days after onset of rash was interpreted
as recurrence of exanthem by the patients. The
more unusual complications, such as relapses of
the disease and rubella encephalitis, can now be
investigated in the laboratory; search for virus
in the spinal fluid in the latter instance, for
example, would be of interest.

In contrast to measles, the clinical diagnosis of
rubella is often impossible due to the lack of
characteristic signs or symptoms, and variation in
extent and nature of the rubella rash. It is
understandable that many of the entities on the
expanding list of enterovirus exanthems (13)
may clinically be labeled as rubella. This was ap-
parent in Massachusetts, during an epidemic of
"Boston Exanthem" or ECHO-16 disease in
1951 (20), when a record number of "rubella"
cases were notified for the month of August, dur-
ing an otherwise low-incidence rubella year.
Additional evidence of misdiagnosis of rubella can
be derived from an analysis of annually and
monthly reported rubella in Massachusetts from
1940 to the present time. (We are indebted to
Nicholas J. Fiumara, Director of Division of
Communicable Diseases, Massachusetts Depart-
ment of Public Health, for making the monthly
and annual tabulations available to us. The
recent experience with rubella in Massachusetts is
summarized in Fig. 3; by the end of September,
the reported number of cases for 1964 was in
excess of 36,000.) Customarily, as noted by In-
galls et al. (9), there is a seasonal peak of rubella
during the months of March through June in the
northern hemisphere. If the monthly distribution
of annual cases in Massachusetts during years of
high incidence is compared with the plot for years
of low rubella incidence, an interesting divergence
in patterns results (Fig. 4). A higher proportion of
the total cases of "rubella" was reported from
August to January during the 8 years of lowest
annual incidence than during the corresponding
period for the 6 years of highest incidence. Al-
though one cannot exclude the possibility that
rubella occurring during the summer and fall may
be an inherent epidemiological characteristic of
the disease during low periods of endemicity,
such a distribution of cases would more likely be
expected for years of high rubella incidence.
These data incriminate enterovirus exanthems
and other viral exanthems as a source of mis-
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FIG. 4. Comparison of mean percentage of annual
incidence per month of rubella in Massachusetts for
6 epidemic years and for 8 years of lowest incidence.

diagnosed rubella; they may also help explain
Siegel and Greenberg's finding that the risk of
congenital rubella was very low during non-
epidemic years (32).

Interesting results on the occurrence of sub-
clinical rubella, heretofore an epidemiological
hiatus in our understanding of the disease, have
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recently come from laboratory-supported studies
of rubella in military recruits by Buescher and
associates (4). These workers found that 10 to
15% of young adult males from the eastern sea-
board entering military service were susceptible
to rubella. Then, by carefully following events in
two training groups, the ratio of subclinical
infection to overt disease was estimated to be
6.5:1. Under these circumstances, virtually all
susceptibles became infected. However, the
epidemiological pattern of rubella in a civilian
setting remains to be determined, for rubella in
military recruits may differ from that occurring in
civilian populations in a manner somewhat
analogous to adenovirus disease. If studies in
civilian populations yield results comparable to
the situation in military recruits, it would have
important implications regarding the problem of
maternal rubella.

MATERNAL RUBELLA AND CONGENITAL
FETAL DAMAGE

Despite the relative abundance of information
concerning the risk of fetal damage following
maternal rubella, re-evaluation of the problem is
indicated under circumstances whereby the
diagnosis of rubella can be verified by laboratory
study. Carefully designed and well-controlled
prospective investigations (17, 16, and as re-
viewed in 5) have yielded variable estimates of
risk of major congenital defects after maternal
rubella during the first trimester of pregnancy.
Campbell (5) places the overall risk of abortion
and of malformation at 30 to 70% for exposures
occurring during the first 4 weeks of pregnancy,
declining to 10 to 25% during the fourth 4 weeks
of gestation. Such estimates are complicated by
the fact that long term follow-up is necessary, as
certain defects require the passage of several
years before becoming clinically apparent (15,
10). Some experiences of high risk maternal
rubella have been attributed to unusually severe
epidemics (14, 12). In view of the seasonal
pattern and possible misdiagnosis of rubella,
referred to earlier, the data from individual
epidemics may be more accurate than those from
larger, long-term investigations. The possibility
that the virulence of rubella virus for the fetus
varies from year to year cannot be excluded, but
it seems more likely that errors in diagnosis have
constituted the major difficulty in accurately

assessing the risk of congenital defects subse-
quent to maternal rubella.

Recent laboratory studies have provided an
additional dimension, one with practical applica-
tions, to the problem of congenital rubella in-
fection. Two reports (27, 37) indicate that a state
of immunological tolerance is not induced in the
fetus exposed to rubella virus, and that elevated
levels of neutralizing antibody can persist for
years in the child with congenital rubella syn-
drome (37). This finding may be very helpful in
the retrospective diagnosis of congenital damage
consequent to maternal rubella. Recovery of
rubella virus from a human fetus with presumed
congenital infection has also been accomplished
(29). In our laboratory, rubella virus has been
isolated from 24 fetal or placental specimens ob-
tained from 51 women within 49 days after
maternal infection. In three instances, further-
more, the virus has been demonstrated post-
natally in the pharynx or urine of infants showing
stigmata of congenital rubella syndrome. Further
definitive investigations of the phenomenon noted
by Gregg nearly 25 years ago (6), and which have
since directed most of the interest in rubella, may
now be expected.
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